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RESULTS OF INVESTIGATIONS ON AN 0.015-SCALE 
MODEL (49-0) OF THE ROCKWELL INTERNATIONAL 
SPACE SHUTTLE ORBITER IN THE NASA-AMES 
RESEARCH CENTER 3.5-FOOT HYPERSONIC 

WIND TUNNEL (0A98) 


by 


Morris D. Milam, Tom J. Dziubala, Rockwell International Space Division 
and Joseph Cleary, NASA/ARC 


ABSTRACT 


This report presents the results of a wind tunnel test conducted in 
the Ames Research Center's 3.5 Foot Hypersonic Wind Tunnel from 27 March 
1974 through 3 April 1974. The model used for this test was a 0.015-scale 
140 A/B hybrid configuration of the Space Shuttle Orbiter. 

The primary test objectives were to obtain incremental data on the 
effects of a sting mount on base pressures and force and moment data. The 
increments obtained included the addition of MPS nozzles as well as the 
deletion of the simulated sting mount. | 

Six-component aerodynamic force and moment data were recorded over 
an angle of attack range from 12° to 42° at 0° and 5° angles of sideslip. 
The testing was accomplished at Mach 5.3 and Mach 10.3. The effects of 
various elevon, body flap, and speed brake settings were investigated. 
Static pressures were measured at the fuselage base for use in force- 


data reduction. 


111 








(THIS PAGE INTENTIONALLY LEFT BLANK. ) 











Page 
ABSTRACT 111 
INDEX OF MODEL FIGURES é 
INDEX OF DATA FIGURES : 
NOMENCLATURE 9 
CONFIGURATIONS INVESTIGATED Te 
TEST FACILITY DESCRIPTION 13 
DATA REDUCTION 14 
RESULTS AND DISCUSSION V7 
TABLES 
I. TEST CONDITIONS 18 
II. DATASET/RUN NUMBER COLLATION SUMMARY 19 
III. MODEL DIMENSIONAL DATA al 
IV. DATASET COMBINATIONS USED TO OBTAIN INCREMENTAL DATA 32 
FIGURES 
MODEL 33 
DATA 42 
APPENDIX 


TABULATED SOURCE DATA 


TABLE OF CONTENTS 


Figure 


INDEX ‘OF MODEL FIGURES 


Title 
Axis systems. 
Model sketches. 
SSV Orbiter Configuration 140A/B 
Model Installation ~ OA&9 
Vertical Tail Sting Strut 
Base and Cavity Pressure Locations 
Model installation photographs. 
Installation With Dummy Sting Out 
Installation With Dummy Sting In 
Model With Basic M, OMS Pod 


/ 


Model With Shortened M,, OMS Pod 


14 


Page 
33 


34 
35 
36 
3/ 


38 
39 
40 
4] 





VWLdd 


[PUOLPIIULQ 








999-/S9 NOAS19 ‘uoLtzeunbi suo) W “7 -[Puaze] ‘Sauel 31ZZ0N pue Butys 6 
Wiad “dv¥1409 
WUdddS “4equny YoeW yal Aas > 
Q9S9-9LE NOATIS ‘UOLZeUNbLyUOD “G.° 0)" 8 °¥ jeuLpnzrbuo7] ‘saue, a,ZZoyN pue bulis = 
dv1iqg Hf 4° 1°3‘Q S8,{ZZON pue Burzs ynoyyLM pue YZLM 
GLE-bLe “uoLzeunbL yuo “9 ‘a °V *Sssauaalza}jsq de_yApog LeuLpnzLbuoy l 
Jaquny yoew 
*“NOAS13 “WYdaddS 9°4°5°O 
€L2-69L “uoLzeunBbl suo0g ‘9 ‘a “VY SPOd SWO 3° 4993354 peurpnz Lbu07 9 
xUgdds 9°4°3°d S8[ZZON pue burs O/M pue YILM 
891-/Zl *uoLzeunbL yuo) rd Mai °F | ‘SSOUBALJIOSJF Byeuqpaeds LeULpNzLbu07 G 
ABquUNN YOeW *UOAS{ I 9°4°3°d S9,|ZZON pue Bulys yNoYyFLM pue YILM 
9ZL-|L ‘uorzeunbi yuo) "9 “8 °Y *“SSSUSAL}IIJJ3 UOAS|J LeULPNZLBU0T p 
4IDVd GAIYVA JTNGSFHIS JILIL AMNDI 
SNOILIGNOD 101d 


SJYNDIA VLVd 40 X4OGNI 









INDEX OF DATA FIGURES (Concluded) 


PLOT SCHEDULES 


A 


CoO 


) 
C) 


CL, CD, CA, CLMFWD, CILMAFT VS. ALPHA 

CN, CL VS. CLMFWD 

CL VS. CD 

CNT, CMTFWD, CMTAFT VS. ALPHA 

CNT, CLT VS. CMTFWD 

CLT VS. CDT 

CDF, CAF, CAB, CAV, CNV, CMVFWD, CMVAFT VS. ALPHA 

CAV, CNV, CMVFWD, CMVAFT VS. ALPHA 

CDF, CAF, CAB VS. ALPHA 

DCL, DCLV, DCLT, DCN, DCNV, DCNT, DCMFWD, DCMVFW, DCMAFT, DCMTFW, 
DCMVAF, DCMTAF, DCA, DCAF, DCAT, DCAB, DCAV, DCD, DCDF, DCDT, 
DONB, DCDV VS. ALPHA 

CPV1, CPV2, CPV3, CPB], CPB2, CPB3 VS. ALPHA 

CY, CYN, CBL VS. ALPHA 

DCY, DCYN, DCBL VS. ALPHA 


° 
e 








NOMENCLATURE 


General 

Plot | 
symbol symbol Definition 
a - speed of sound; ft/sec 
M MACH Mach number; V/a 
q Q(PSF) dynamic pressure; pV2/2, psf 
RN/L RN/L unit Reynolds number, per ft 
V velocity, ft/sec 
0. | ALPHA angle of attack, degrees 
B BETA angle of sideslip, degrees 
o PHI angle of roll, degrees 
0 RHO mass density, slugs/ft3 


Reference & C.G. Definitions 


Ab base area, ft 
b BREF wing Span, ft 
Lraf LREF reference length, ft 
C _ mean aerodynamic chord, ft 
S SREF wing area, ft? 
c.g. center of gravity 
MRP moment reference point 

SUBSCRIPTS 

b base 

] local 

S Static conditions 

t total conditions 

oo free stream 





NOMENCLATURE (Continued) 
| Body-Axis System 





Plot | 
Symbo | Symbo ] Definition 
Cy CN normal-force coefficient; norma ores 
CA CA axial-force coefficient; extol sores 
Yew 
Cy CY side-force coefficient; ae 
CAp CAB base-force coefficient; base yorce 
-Ab (Pb - Poo)/gS q 
Che CAF forebody axial force coefficient, Cy - CA, 
On CLM pitching-moment coefficient; prech spa moment 
"REF 
Cn CYN yawing-moment coefficient; Yawing ponent 
Cy CBL rolling-moment coefficient; rotting moment 
Stability-Axis System 
CL CL lift coefficient; Ltt 
qs 
Ch CD drag coefficient; cs 
CD, CDB base-drag coefficient; nase ora 
Che CDF forebody drag coefficient; Cp - Co. 
Cy CY side-force coefficient; siete 
C CLM pitching-moment coefficient; Pitching moment 
m pl = 
Ch CLN yawing-moment. coefficient; yawing moment 
q 
Cy CSL rolling-moment coefficient; roling nen 








CAV 


CDOT 
CDV 
CLF 


CLT 


CLV 
CLMAFT 
CLMFWD 


CLMT 
CNT 


CNV 


CPBi 





NOMENCLATURE (Continued) 
Additions to Standard List 


Definition 


area associated with ith pressure, ft? 


total axial force coefficient 


vertical tail strut base axial force coefficient 


total drag coefficient 
vertical tail strut base drag coefficient 
forebody lift coefficient 


total lift coefficient 


vertical tail strut base lift coefficient 
pitching moment coefficient based on aft c.g. location 


pitching moment coefficient based on forward c.g. 
location 


total pitching moment coefficient 
total normal force coefficient 


vertical tail strut base normal force coefficient 


base pressure coefficient at station j 


NOMENCLATURE (Continued) 


Symbol symbol Definition 

FRL fuselage reference line 

IML inner mold line 

2p LB fuselage length, in. 

MRC moment reference center 

MS model station, in. 

OML outer mold line 

Pr PT freestream total pressure, psi 

Po P freestream static pressure, psi 

Ps P local static pressure at orifice i, psi 

Pe TT freestream total temperature, °R 

XMRP XMRP longitudinal location of moment reference point, in. 

Xo XO Orbiter longitudinal station, in. 

Y MRP YMRP Tateral location of moment reference point, in. 

Yo YO Orbiter lateral station, in. 

ZMRP ZMRP : vertical location of moment reference point, in. 

Lo Z0 Orbiter vertical station, in. 

ACp DCA incremental axial force coefficient, difference 
between axial force coefficient of two runs 

ACA, DCAB incremental base axial force coefficient, difference 
between base axial force coefficient of two runs 

ACAe DCAF incremental forebody axial force coefficient, 


difference between forebody axial force coefficient 
of two runs 








symbo | 
ACh 


AC, 
ACg 


AC Ft 


ACmewd 


ACy 


aC, 


ACy 


SBF 


Se 
i 


§ 
ER 


SR 


Plot 


symbo | 


DCD 


DCL 


DCBL 


DCMAFT 


DCMF WD 


DCN 


DCYN 


DCY 


AILRON 
BDFLAP 


ELEVON 


ELEV-L 


ELEV-R 


RUDDER 





NOMENCLATURE (Continued) 


Definition 


incremental drag coefficient, difference between 
drag coefficient of two runs 


incremental lift coefficient, difference between 
lift coefficient of two runs 


incremental rolling moment coefficient, difference 
between rolling moment coefficient of two runs 


incremental aft pitching moment coefficient, 
difference between aft pitching moment coefficient 
of two runs 

incremental forward pitching moment coefficient, 
difference between forward pitching moment 
coefficient of two runs 


Incremental normal force coefficient, difference 
between normal force coefficient of two runs 


incremental yawing moment coefficient, difference 
oT yawing moment coefficient of two runs (body 
axis, 


incremental side force coefficient, difference 
between side force coefficient of two runs 


aileron deflection angle, degrees 


bodyflap deflection angle, degrees 
elevon deflection angle, degrees 


left-hand elevon deflection, inboard and 
outboard panels, degrees 


right-hand elevon deflection, inboard and 
outboard panels, degrees 


rudder deflection angle, degrees 


Symbo | 


Plot 
Symbo | 


SPDBRK 


CMVFWD 


CNV 


CPV] 


CPV2 


CPV3 


DCDV 


DCDF 


DCDT 


NOMENCLATURE (Continued) 


Definition 


speedbrake deflection angle, degrees 


sweepback angle of speedbrake trailing 
edge, degrees 


sweepback angle of the lower part of the 
vertical tail, degrees 


forward vertical tail base pitching-moment 
coefficient 


vertical tail base normal-force coefficient 


base pressure coefficient on upper speed brake 
portion 


base pressure coefficient on lower speed brake 
portion 


base pressure coefficient on lower vertical 
tail portion 


longitudinal distance from 0.65 &p to centroid 
of area containing Cpy] 


longitudinal distance from 0.65 2p to centroid 
of area containing Cp 


longitudinal distance from 0.65 2p to centroid 
of area containing Cp 


incremental vertical tail base drag force 
coefficient 


incremental total forebody drag force coefficient 


incremental total drag force coefficient 
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Plot 
symbo} 
CMTFWD 
CMTAFT 


CMVAFT 


DCLT 


DCLV 


DCDB 


DCNT 
DCNV 


DCAV 


DS 


CPCAV 


NOMENCLATURE (Concluded) 


Definition 


forward total pitching moment coefficient 
aft total pitching moment coefficient 
aft vertical tail base pitching moment coefficient 


incremental total lift-force coefficient 


incremental vertical tail base lift force 
coefficient 


incremental model body base drag force coefficient 


incremental total normal force coefficient 


incremental vertical tail base normal-force 
coefficient 


incremental vertical tail base axial force 
coefficient 


dummy sting 


area associated with ith pressure orifice on 
the vertical tail; ft*; i = 1, 2, 3 (see fig. 2d 
and page 16) 


moment arm, measured along the Z axis, from the 
ith pressure orifice of the vertical tail to the 
ZMRP; inches; i = 1, 2, 3 


pressure coefficient associated with the sting 
cavity area 


CONFIGURATIONS INVESTIGATED 


The 140A/B hybrid configuration was tested with and without a dummy 
rear entry sting with two different OMS pod configurations. 

Model 49-0 dimensional data are given for the 140A/B configuration 
in Table ITI. 


The tested configuration included the following components: 


Component Description 

B26 Basic 140A/B configuration fuselage 

C9 Basic 140A/B configuration canopy 

DS Dummy sting 

E37 Slotted elevons per model drawing SS-A00148 

Fe Body flap per Rockwell Lines VL70-000145 (model 
drawing SS-A00147, release 12) 

M7 Basic 140A/B configuration OMS/RCS pods 

M14 Shortened configuration OMS/RCS pods per VL70-008457 

Noq MPS Nozzles ~ Noq 

N28 Basic 140A/B configuration OMS engine nozzles 

07 Bog CgE37F gM7NoqNagksVan) 16 

R5 Basic 140A/B configuration rudder for Vg 

Ve Basic 140A/B configuration vertical tail 

W116 Basic 140A/B configuration wing 











TEST FACILITY DESCRIPTION 


The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit, 
blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7, 
and 10 at pressures to 1800 psia and temperatures to 3400°R for run times 
to four minutes. The major components of the facility include a gas storage 
system where the test gas is stored at 3000 psi, a storage heater filled 
with aluminum-oxide pebbles capable of heating the test gas to 3400°R, 
axisymmetric contoured nozzles with exit diameters of 42 inches for gener- 
ating the desired Mach number, and a 900,000 ft vacuum storage system 
which operates to pressures of 0.3 psia. The test section itself is an 
Open-jet type enclosed within a chamber approximately 1!2-feet in diameter 
and 40-feet in length, arranged transversally to the flow direction. 

A model support system is provided that can pitch models through an 
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37-inches from tunnel 
centerline) until the tunnel test conditions are established after which 
it is inserted. Insertion time is adjustable to as little as 1/2 second 
and models may be inserted at any strut angle. 

A high-speed, analog-to-digital data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 transducers in addition to 20 


channels of tunnel parameters. 
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DATA REDUCTION 


Standard NASA/ARC data reduction techniques were used with the follow- 


ing reference dimensions: 


Ac Sting cavity area 0.0341 ft? 
b reference wing span lebseh. Ft 
C reference M.A.C. 0.5935 ft 
Lp reference body length 1.613 ft 
S reference wing area 0.6053 ft2 
XMRP longitudinal distance, model nose 

OML to moment reference center 12.6255 in 
YMRP lateral distance, plane of Syme ery to 

moment reference center 0.0 in 
ZMRP vertical distance, FRP to moment 

reference center -0.375 in 


Fuselage and vertical tail base force coefficients were computed as 


follows: 


oe Ac CP > ABI PB; 
AB S -  s 


Cap = base axial-force coefficient 


cos Ay cos Ay Ay3 Cpy, 
eS a 7 7 


Cay = vertical tail base axial-force coefficient 


Sin Ay Sin A 
Cyy = eA] Cry, * Aya Cpyo) + —s—(Ay3 Cpy3) 
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DATA REDUCTION (Continued ) 





CNy = vertical tail base normal-force coefficient 


C 
"V9 .65 LB 


=- [Ay] Coy] (Zy] cos Ay + Xy7 sin Ay) + 


Ay2 Cpyo (Zy2 cos Ay + Xyo sin Ay) + 


Ay3 Cpy3 (Zy3 cos Ay + Xy3 sin Ay )]/cS 


The following full scale dimensional values were utilized in effect- _ 


ing a solution to the above equations. 


Symbo] 


ABI 
AB2 
AB3 
AB4 
AB5 
AC 

XV] 
XV2 
Xy3 
ZV} 
Zy2 
Zvy3 
Ay 


AL 


Dimensions 


ft? 
ft? 
ft? 
ft? 
ft? 
ft2 
in 
in 
in 


in 


15 


Value 


48 .0 
89. 
45. 


NM wo WW 


78. 
12. 


= 


151.56 
981.1 
931.9 
432.2 
351.0 
Zoe 
165.7 
26.25° 
63.85° 


DATA REDUCTION (Concluded) 


The areas of influence applicable to the pressure coefficients in the 
above equations are a function of speedbrake deflection as defined in the 
following tabular array. 


Symbol] Dimensions Value 


6SB = 55° SSB = 85° 


Ay] ft2 50.4 82.3 
Ay? ft2 67.4 109.9 
Ay3 ft2 19.77 19.77 


The equations below define the relationships employed to obtain the 


indicated force coefficients. 


CDV = CAV cos a + CNV sin a 
CLV = CNV cos ao - CAV sin a 


CMVAFT = CMVFWD + (0.675 - 0.65) (2g) CNV/c 
CLMAFT = CLMFWD + (0.675 - 0.65) (2p) CN/c 
CDT = CD + CDV 
CLT = CL + CLV 


CAT = CA + CAV 
CNT = CN + CNV 
CMT FWD 


CLMFWD + CMVFWD 
CMTAFT 


CLMAFT + CMVAFT 
CAF = CAT - CAB 

CDF = CAF cos o + CNT sin o 
CDB 


CDT - CDF 
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RESULTS AND DISCUSSION 


The model was installed in the tunnel on the ARC MK II 400565 D 
balance. The balance was attached to the W-11015 sting by means of a ver- 


tical tail blade strut. To determine sting effects, the model was tested 


with and without a dummy sting assembly installed between the tunnel sup- 


port blade and the rear of the model. The dummy sting did not touch the 
model at any point. 

The base pressure arrangement was varied with the test configuration. 
This was necessitated by a shortage of available transducer connections 
in the tunnel. These arrangements are shown on figure 2d. 

Adapters were utilized on both stings to obtain g = 5° for certain 
tests. During runs 8 and 9, the model was covered with impregnated oi] and 


tested at a constant angle of attack to obtain flow patterns. 


TABLE I. 








DATE $ MAR 1974 


TEST ° ARC 3.5- 190 






TEST CONDITIONS 


REYNOLDS NUMBER DYNAMIC PRESSURE TAGNATION TEMPERATURE 
MACH NUMBER (pounds/sq. inch) (degrees Fahrenheit) 
a 5 ne A Rn a ee ae ig ee ee 
Ee a 1200 


2000 









BALANCE UTILIZED: Task 1.5" MK II 400565 D 





COEF FICIENT 
* CAPACITY: ACCURACY: TOLERANCE: 


NF 900 Tb 1.005 Rated Load 
SF 500 lb 005 Rated Load 
AF LOO Ub _*,005 Rated Load__ 
PM —250 1h —2005 Rated Load__.___ 
RM 250 Tbh ——,005 Rated Load___ 
YM 800 Tb-in ——=.005 Rated Load 


+ fit b+ ft det 


COMMENTS: 
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TABLE II. 
DATA SET/RUN NUMBER COLLATION SUMMARY. 
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TABLE IIL MODEL DIMENSIONAL DATA 


MODEL COMPONENT : BODY - B | 





GENERAL DESCRIPTION + Configuration 140 A/B orbiter fuselage 
NOTE: Bag is identical to Bo, except underside of fuselage has been 
refaired to accept Wy L6: 


MODEL SCALE: 0.015 MODEL DWG: SS-A00147, Release 12 


DRAWING NUMBER. _VL70-000143B, -000200, -000205, -006089, 
-000145, -000140A, -000140B 





DIMENSIONS : FULL SCALE MODEL SCALE 
Length (OML: Fwd Sta X, =235), In. 1293.3 19.400 
Length (IML: Fwd Sta. X =238), In, 1290.3 19, 355 
Max Width (At X, = 1528.3), In. 264.0 3.960 
Max Depth (At X = 1464), In, 250.0 3.750 
Fineness Ratio 0. 264 0.264 _ 
Area = Ft? 

Max. GroseeSaciional 340. 88 0.077 
Ptanform 

Wetted 

Base 


2] 


TABLE III (Cont'd) 


MODEL COMPONENT :__._ CANOPY - C | 





GENERAL DESCRIPTION :_ Configuration 3A, Canopy used with fuselage Bo: 














MODEL SCALE: 0,015 MODEL DWG: 95-A00147, Release 12 
DRAWING NUMBER : VL70-000143A 
DIMENSIONS - | FULL SCALE MODEL SCALE 
Length (X_ =434. 643-578), In. | 143. 357 2.150 
Max Width (At X = 513, 127), In, 152. 412 2. 286 
Max Depth(At X, = 485.0), In. 25. 000 0.375 


Fineness Ratio 
Area 


Max. Cross—Sectional 


IT 


TET 


Planform 


Wetted 


Base 
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TABLE III (Cont'd) 





MODEL COMPONENT: VON a i 


GENERAL DESCRIPTION: Configuration 140A/B orbiter elevon 
— oe reration i 20A/ 5 orbiter ele 


PP fn — 


EB 1s a slotted version of E , Data is for one side. 
eis Te (eae aces : 


eee 


MODEL SCALE: 0.015 MODEL DWG: SS-A00147, Release 12 
Sep ee See ge are ee SS eee 


DRAWING NUMBER: VL70-000200, -006089, -006092 


a ew gk 

DIMENSIONS: | FULL-SCALE MODEL SCALF | 
Area - Ft’ 210. 00 0. 0473 
Span (equivalent), In, 349, 2 5. 238 
Inb'd equivalent chord, In. 118. 004 | 1.770 
Outb'd equivalent chord , In. 55.192 0.828 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0. 2096 0. 2096 
At Outb'd equiv. chord 0.4004 0.4004 


sweep Back Angles, degrees 


Leading Edge» 0. 00 0. 00 
Tailing Edge | -10, 056 ~10, 056 
Hingeline = 0, 0, 00 
96 Tne ct of Area and c) 3 2.00 
Area Moment (Nopmetxtaxxpmgexkind) , Ft™ 1587. 25 ~ 0. 00536 
Mean Aerodynamic Chord, In. 90.7 © 1,361 
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TABLE III (Cont'd) 


MODEL COMPONENT -: BODY FLAP - Fo 


GENERAL DESCRIPTION : Configuration 140A/B orbiter body flap 
Hingeline located at X = 1528.3, Z = 284.3 






MODEL DWG: SS-A00147, Rel. 12 





DRAWING NUMBER | VL70-000140A, -000145 
DIMENSIONS - FULL SCALE = MODEL SCALE 
Length*, =1520 to 1613), In. 93.00 | 1.395 
Max Width, In. 262. 00 3.930 
Max Depth (X, = 1520), In. 23.00 0.345 
Fineness Ratio _ 
Area - Ft¢ 
Max. Cross—Sectional : | 
Planform 150, 525 0, 0339 
Wetted 
Base 41, 847 0.0094 
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TABLE III (Cont'd) 





MODEL COMPONENT :___ OMS PODS - My | 
GENERAL DESCRIPTION : Configuration 140A/B orbiter OMS/RCS pods 








MODEL SCALE; 0.015 0 CMODEL DWG: S5-A00147, Rel. 12 
DRAWING NUMBER : VL70-000145 
DIMENSIONS : | | FULL SCALE = MODEL SCALE 

Length (OMS Fwd Sta X= 12330.) 327. 00 4.905 

Max Width(At X, = 1450), In. 94,50 1.418 

Max Depth (At X = 1493), In, 109. 000 1. 635 


Fineness Ratio 
Area 


Max. Cross—Sectional 


Planform 


TI 


Wetted 


Base 


ao 





TABLE III (Cont'd) 


MODEL COMPONENT :__ OMS POD- Mj),4 





GENERAL DESCRIPTION : Preliminary IML version of short OMS 


pod. (First used on 0.015 scale Model 36-O for test No, OA83, ) 





MODEL SCALE: 0.015 | au 


DRAWING NUMBER: __VL70-008457 


DIMENSIONS ; 7 FULL SCALE MODEL SCALE 


Length(OMS Fwd Sta X =1311), Ine 254,00 3.810... - 
Max Width (At x, = 1511), In. mene Wo 1s Per o ae ee Oe 0 5s | ee 
Max Depth (At X, = 1511), In. (3,6 ee ay 1 6 Se 





Fineness Ratio een (es 2 UR aay Arp> 1 5 eee 
Area = Ft? 
Max. Cross—Sectional os ISL O0T.. 507 0,012 
Planforg 
Wetted 
Base 
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TABLE III (Cont'd) 


MODEL COMPONENT: MPS NOZZLES - N 2) 


GENERAL DESCRIPTION: Configuration 140A/B orbiter MPS nozzles. 





- 





MODEL SCALE; 0.015 MODEL DRAWING: SS-AOO147, Helease 12 


DRAWING NUMBER: VL70-005030A, VIL70—000140A 


ae Bs oh eo 
DIMENSIONS: FULL SCxLE MODEL SCALE 
MACH NO. 


Length - In. 


Gimbal Point to Exit Plane 1570 2.355 
Throat to Exit Plane 99,2 1,488 
Diameter - In. 
Ox 91.00 1.410 
Throat ar 
Inlet 
éArea - rte 
Exit 45.166 0.0102 
Throat 





Gimbal Point (Station) - In. 
Upper Nozzle 


kK b5.0Q - selsO73 
Y 0.0 Pe © [7s © eee 
é SOs, | toes == 
Lower Nozzles 
A 1468.17 22.023 = 
; Me! OO, FO Pe 
Zz 342,640 aio gO 25 os 


Null Position - Deg. 
Upper Nozzle 











Pitch __16 16 eRe ae 
Yaw 0 0 
Lower Nozzle 
Pitch 10 LO 
Yaw ee Ty ere ee eee 


OF POOR QUALITY 


TABLE III (Cont'd) 


MODEL COMPONENT: OMS NOZZLES - No 


GENERAL DESCRIPTION: Configuration 140A/B orbiter OMS nozzles. 





MODEL SCALE; 0.015 


DRAWING NUMBER: VL70-000140A (Location), SS-A00106, Rel. 5 (Contour) 


DIMENSIONS: FULL SCeLE MODEL SCALE 
MACH NO. 


Length - In. 
Gimbal Point to Exit Plane 
Throat to Exit Plane 


Diameter - In. 
Bxit 
Throat 
Inlet 

Area - £t< 
Exit 
Throat 


Gimbal Point (Station) - In. 
Left %4pex Nozzle 


Ko 1518.0 _ 22.770 

Le - 88.0 alioc0:. 

Lo 492.0 7.380 
Right Keer Nozzles 

on 1518.00 22,770 _ 

Yo aa 8000. 2 1 5c 

Lo 492.0 ___ 7.380 | 


Null Position - Deg. 
Left Upper Nozzle 








Pitch +8 ° +8 ° 
Yaw Outboard 13°17! 13 °17' Outboard 
Inboard 2°30! 2°30' Inboard 
Right Bex®* Nozzle 
Pitch +8 ° £8 ° 
Yaw Outboard me ae 13 °17' Outboard 
Inboard 2°30! 2°30' Inboard 
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TABLE III (Cont'd) 


MODEL COMPONENT: RUDDER - R 


GENERAL DESCRIPTION: Configuration 140C orbiter rudder (Identical 


A/B rudd 


MODEL SCALE: 0.015 





DRAWING NUMBER: VL70-000146B, -000095 
DIMENSIONS: FULL-SCALE MODEL SCALE 
2] 
Area - Ft 100, 15 0. 023 
Span (equivalent) , In, | 201, 00 3.015 
Inb'd equivalent chord, In. 91.585 — 1.374 
Outb'd equivalent chord, In. 50. 833 0. 762 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.400 0. 400 
At Outb'd equiv. chord — 0.400 0. 400 


Sweep Back Angles, degrees 


Leading Edga 


| 


Tailing Edge 26. 25 26, 25 
Hingeli e = 34, 83 34. 83 
[Le aeduek of area & c) i eee ee 
Area Moment (Nowmahotexkingeching), Ft? 610,92 ~ 0. 00021 
Mean Aerodynamic Chord, In. 73.2 1, 098 
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TABLE III (Cont'd) 


MODEL COMPONENT: VERTICAL - Ve 


GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail 


(identical to configuration 140A/B vertical tail ). | : a 


— - 


0,015 





a oe ee. 








MODEL SCALE: 


DRAWING NUMBiR: VL70-000140C, -000146B 





DIMENSIONS: FULL SCALE MODEL SCe.LE 


TOTAL DATA 


Area (Theo) - rte 





Planform 413,253 0. 093 
Span (Theo) - In. 315,72 A, 136 
Aspect Ratio 1, 675 1675 
Rate of Taper 0,507 0,507 
Taper Ratio . 0,404 — 0. 404 
Sweep-Back Angles, Degrees. 

Leading Edge 45.00 45.000 

Trailing Edge 26. 250 

0.25 Element Line st 13 41. 13 
Chords: 

Root (Theo) ‘WP 268.50 4,028 

Tip (Theo) WP 108. 47 1, 627 

MAC 199,81 2,997 

Fus. Sta. of .25 MAC 1463, 35 | 21,950 7 

W.P. of .25 MAC 635,52 9, 533 

Bola Ort 325: MAC 0.00 0. 00 
Airfoil Section 

Leading Wedge sngle - Deg. 10. 00 10,00 

Trailing Wedge Angle - Deg. 14.92 14,92 

Leading Edge Radius 2.00 0.030 
Void Area 13.17 0.00296 


Blanketed sérea 
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0,0 


i Fal) See 





| TABLE III (CONL'D) 





MODEL COMPONENT: | WING=W | Lé 
SEMERAL DESCRIOTION: Configuration 4 
NOTE: Identical to Wyy4 except airfoil thickness. Dihedral angle is along 
trailing edge of wing. Geometric twist = 0. 








eo NO | OWG. NO. VL70-000140A, -000200 
OIMENS IONS: FULL=SCALE ' MODEL SCALE 
TOTAL DATA 2 
Area ..1e0.) Ft 
‘ ek : 2690, 00 0.605 
nan \Tneo In, 2b 8 14, 050 
Asvect Ratio 2.205 =, 265 
Rave of Taper L177 1.177 
Taper Ratio : 0.200 0.200 
Dinedral Angie, degrees 3,500 3.500 
Incidence Angle, degrees 0,500 0,500 
Aerodynamic Twist, degrees | 
Sweep Sack Angles, degrees aaa 
Leading Edge 45.000 45.000 
Trailing Edge - 10,056 10.056 
0.25 Element Line 35.209 35.209 
Chords: 
Root (Theo) B.P.0.0. 689. 24 10.339 
Tip, (Theo) BP. 132.85 2,068 
MAC | 474 1, 122 
Fus. Sta. of .25 MAC 1136, 83 17,052 
W.P. of .25 MAC 290,58 4,359 
BeL. of .25 MAC ‘ 182. 13 AP 
EXPOSED DATA. 2 | 
rea eo) Ft 1751.50 0.394 
Span, (Theo) In. BP108 720. 68 : 
Aspect Ratio 2,05 2,05 
Taper Ratio : 2 
Chords ee 
Root BP108 562, 09 . 431 
Tip 1.00 b 137.85 2. 068 
MAC 392, 83 5 892 
Fus. Sta. of .25 MAC 118 L770 
W.P. Of .25 MAC __ 294. 30 : 
BL. of .25 MAC 251.77 3,777 
Airfoil Section (Rockwell Mod NASA) 
XXXX~64 
Root t os . 0.113 0,113 
C Tees ag eee 
Tip ft 0.120 0.120 
We ere Petit 
Data for (1) of (2) Sides 
© ~eading Edge Cuff 5 
2" anform Area ct 113.18 0, 025 
Leading Edce Intersects Sus M. L. @ Sta 500,00 7,50 
Leading Edge Intersects Wing @ Sta 1024, 0 15.36 


| 3] 
ORIGINAL PAGE Is 


OF POOR QUALITY 
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CENTECLING 
DTING SePePCET 








BALANCE. 
CENTESLING 


_————— wee eee ee 


c. Vertical Tail Sting Strut 


Figure 2. - Continued. 
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STRUT MOUNT 7 STRUT MOUNT 





DUMMY STING tIN, DUMMY_STING OUT 
3 VERTICAL TAIL BASE (89,10) 38 VERTICAL TAIL BASE (8,%I0) 
| OMS POD BASE (z)D | | OMS PoD BASE (2) 
3B FUSELAGE BASE: (13,4) A FUSELAGE BASE (1,3,4,7) 
| STING cavITY BASE (7) | 
1 BALANCE cavTy (5) 1 BALANCE cavity (S) 
| STRUT CLEAZANCE scoT(i) ( STRUT CLEAGANCE sLOT fil) 


d. Base and Cavity Pressure Locations 





Figure 2. - Concluded. 
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a. Installation With Dummy Sting Out 


Figure 3. - Model installation photographs. 
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b. Installation With Dummy Sting In 


Figure 3. - Continued 
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d. Model With Shortened Mia OMS Pod 


Figure 3. - Concluded. 
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FIG. 8 STING AND NOZZLE TARES, LONGITUDINAL. 
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APPENDIX 
TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Services 
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